Abstract
Introduction

Portal vein tumor thrombus (PVTT) frequently occurs in advanced hepatocellular carcinoma (1). Moreover, some recent reports have indicated an association between PVTT and gastric adenocarcinoma or colorectal adenocarcinoma (2). An obstruction of the portal vein secondary to malignant disease can result from direct invasion, compression, or tumor thrombus (3). It has been reported that the incidences of PVTT in various types of tumors are approximately 32% in hepatocellular carcinoma
, 5% in metastatic liver tumor (1), 1 .2% in gastric cancer (2) , and 0.6% in colorectal carcinoma (2) . Although pancreatic carcinoma often invades the portal vein, few studies have described cases of pancreatic carcinoma extending into the portal vein. We previously reported a case of pancreatic endocrine carcinoma associated with PVTT (4) . Here, we describe three resected cases of pancreatic carcinoma associated with PVTT and review the relevant literature.
Case Reports
Case 1
A 60-year-old woman presented with back pain and icterus accompanied by general fatigue. A physical examination performed in May 2006 showed a mass in her epigastrium. Percutaneous biliary drainage was performed to address her jaundice and she was referred to our hospital. Her laboratory test results were as follows: serum bilirubin, 1.8 mg/dL (normal range, 0.2-1.2 mg/dL); aspartate aminotransferase, 82 IU/L (5-40 IU/L); alanine aminotransferase, 167 IU/L (4-45 IU/L); gamma-glutamyl transferase (γ-GTP), 351 IU/L (5-30 IU/L); and carbohydrate-associated antigen 19-9 (CA19-9), 158.2 U/mL (<37 U/mL). Contrast-enhanced computed tomography (CT) showed a heterogeneously enhanced mass (24×15 mm) in the head of the pancreas in the arterial phase and filling defects in the main portal vein and the superior mesenteric vein in the portal phase (Figs. 1A, 1B). Endoscopic ultrasonography (EUS) showed a heterogeneously hypoechoic mass (28×19 mm) in the head of the pancreas and in the main portal and superior mesen-
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l l i r r e g u l a r g l a n d s a n d t h a t t h e n e o p l a s t i c c e l l s wi t h e n l a r g e d n u c l e i we r e p o l y mo r p h i c wi t h a n e l e v a t e d mi t o t i c i n d e x ( He ma t o x y l i n a n d E o s i n s t a i n i n g , o r i g i n a l ma g n if i c a t i o n × 2 0 0 ) .
( F , G) A p h o t o mi c r o g r a p h o f t h e r e s e c t e d s p e c i me n s h o we d t h a t t h e t u mo r h a d g r o wn i n t o t h e l u me n o f t h e p o r t a l v e i n ( a r r o ws ) , i n c l u d i n g t h r o mb o s i s ( F , He ma t o x y l i n a n d E o s i n s t a i n i n g , o r i g i n a l ma g n i f i c a t i o n × 1 2 . 5 ; G, E l a s t i c a -Ma s s o n , o r i g i n a l ma g n i f i c a t i o n × 1 2 . 5 ) . ( H) A p h o t o mi c r o g r a p h o f t h e r e s e c t e d s p e c i me n s h o we d t h a t t h e t u mo r h a d g r o wn i n t o t h e l u me n o f t h e p o r t a l v e i n ( a r r o ws ) , wi t h f i b r o v a s c u l a r s t r o ma ( E l a s t i c a -Ma s s o n , o r i g i n a l ma g n i f i c a t i o n × 1 0 0 ) .
teric veins (Fig. 1C ). An interruption of the main pancreatic duct (MPD) (Fig. 3A) . Contrastenhanced CT of the portal phase showed a low-density mass in the portal vein (Fig. 3B ) and in the left lobe of the liver (Fig. 3C) . B-mode ultrasonography showed a hypoechoic mass in the portal vein (Fig. 3D) p h o t o g r a p h o f  a g r a y i s h -wh i t e ma s s ( wh i t e a r r o ws ) a r i s i n g f r o m t h e p a n c r e a s a n d p r o t r u d i n g i n t o t h e p o r t a l v e i n  ( b r o k e n a r r o ws ) . T h e ma i n p a n c r e a t i c d u c t i s i n d i c a t e d b y a n a r r o wh e a d , wh e r e a s t h e d u c t a l c a r c in o ma l i n e d wi t h n e o p l a s t i c e p i t h e l i u m i s i n d i c a t e d b y b l a c k a r r o ws . ( E ) A p h o t o mi c r o g r a p h o f t h e  r e s e c t e d s p e c i me n s h o we d t h a t t h e t u mo r c o n s i s t e d o f a mi x t u r e o f i r r e g u l a r t u b u l a r g l a n d s o f v a r ia b l e s h a p e s e mb e d d e d i n d e s mo p l a s t i c s t r o ma , a n d t h a t t h e n e o p l a s t i c c e l l s h a d mo d e r a t e l y p o l ymo r p h i c n u c l e i wi t h a mo d e r a t e mi t o t i c i n d e x ( He ma t o x y l i n a n d E o s i n s t a i n i n g , o r i g i n a l ma g n i f i c at i o n × 2 0 0 ) bles 1-1, 1-2) . It occurs twice as frequently in women. The sites of the primary lesions were the pancreatic head in nine of the cases, and the observation periods were between four months and six years. The pathological breakdown was endocrine carcinoma in 38.9% (7/18) (4) . Therefore, the patients should be carefully monitored postoperatively.
( A) CT i ma g i n g o f t h e e a r l y p h a s e s h o we d a h e t e r o g e n e o u s l y e n h a n c e d ma s s wi t h s o l i d a n d c y s t i c c o mp o n e n t s o c c u p y i n g t h e p a n c r e a s f r o m t h e h e a d t o t h e t a i l a n d a f i l l i n g d e f e c t i n t h e s p l e n i c v e i n ( a r r o w) . ( B ) CT i ma g i n g o f t h e p o r t a l p h a s e s h o we d a f i l l i n g d e f e c t i n t h e i n f e r i o r me se n t e r i c v e i n ( a r r o w) . ( C) E US s h o we d a h e t e r o g e n e o u s h y p o e c h o i c ma s s o c c u p y i n g t h e p a n c r e a s f r o m t h e h e a d t o t h e t a i l a n d a h y p o e c h o i c ma s s i n t h e s p l e n i c v e i n ( a r r o w) . ( D) A
. ( F , G) P h o t o mi c r o g r a p h s o f t h e r e s e c t e d s p e c i me n s h o we d t h a t t h e t u mo r h a d g r o wn i n t o t h e l u me n o f t h e s p l e n i c v e i n ( F , He ma t o x y l i n a n d E o s i n s t a i n i n g , o r i g i n a l ma g n i f i c a t i o n × 1 2 . 5 ; G, E l a s t i c a -Ma s s o n , o r i g i n a l ma g n i f i c a t i o n × 1 2 . 5 ) . ( H) A p h o t o mi c r o g r a p h o f t h e r e s e c t e d s p e c i me n s h o we d t h a t t h e t u mo r h a d g r o wn i n t o t h e l u me n o f t h e s p l e n i c v e i n ( E l a s t i c a -Ma s s o n , o r i g i n a l ma g n i f i c a t i o n × 4 0 ) .
F i g u r e 3 . ( A) CT i ma g i n g o f t h e p o r t a l p h a s e s h o we d a h o mo g e n e o u s l y e n h a n c e d ma s s o c c u p y i n g t h e p a n c r e a s f r o m t h e b o d y t o t h e t a i l . ( B ) CT i ma g i n g o f t h e p o r t a l p h a s e s h o we d a l o w-d e n s i t y ma s s i n t h e p o r t a l v e i n ( a r r o w) . ( C) CT i ma g i n g o f t h e p o r t a l p h a s e s h o we d a l o w-d e n s i t y ma s s wi t h i n n e r c a l c i f i c a t i o n o c c u p y i n g t h e l e f t l o b e o f t h e l i v e r . ( D) B -mo d e u l t r a s o n o g r a p h y i ma g i n g s h o we d a h y p o e c h o i c ma s s i n t h e p o r t a l v e i n ( a r r o ws ) . ( E ) E US s h o we d a h e t e r o g e n e o u s h yp o e c h o i c ma s s i n t h e p a n c r e a s f r o m t h e b o d y t o t h e t a i l a n d a h y p o e c h o i c ma s s i n t h e s p l e n i c v e i n ( a r r o ws ) . ( F ) A p h o t o g r a p h s h o we d a n i r r e g u l a r , g r a y i s h -wh i t e ma s s o c c u p y i n g t h e p a n c r e a s f r o m t h e b o d y t o t h e t a i l ( a r r o ws ) a n d s p r e a d i n g i n t o t h e p o r t a l v e i n ( d a s h e d a r r o ws ) . ( G) A p h o t o mi c r og r a p h o f t h e r e s e c t e d s p e c i me n s h o we d t h a t t h e t u mo r c o n s i s t e d o f a l a r g e a mo u n t o f f i b r o v a s c u l a r s t r o ma a n d s ma l l u n i f o r m c u b o i d a l c e l l s wi t h a l o w i n d e x o f mi l d mi t o s i s ( He ma t o x y l i n a n d E o s i n s t a i n i n g , o r i g i n a l ma g n i f i c a t i o n × 2 0 0 ) . ( H, I ) P h o t o mi c r o g r a p h s o f t h e r e s e c t e d s p e c i me n s h o we d t h a t t h e t u mo r h a d g r o wn i n t o t h e l u me n o f t h e p o r t a l v e i n , wi t h f i b r o v a s c u l a r s t r o ma ( H, E l a s t i c aMa s s o n , o r i g i n a l ma g n i f i c a t i o n × 1 2 . 5 ; I , E l a s t i c a -Ma s s o n , o r i g i n a l ma g n i f i c a t i o n × 1 0 0 ) .
well-differentiated endocrine carcinoma. The tumor in left lobe of the liver was similar to the pancreatic tumor. The postoperative course was uneventful. The patient is doing well nine months after surgery.
T a b l e 1 -1 . Re p o r t e d Ca s e s o f P a n c r e a t i c Ca r c i n o ma As s o c i a t e d wi t h P o r t a l Ve i n T u mo r T h r o mb u s
Discussion
Pancreatic head carcinoma often invades the portal vein but rarely accompanies portal tumor thrombus (3). Eighteen cases of pancreatic carcinoma associated with PVTT were reported worldwide from 1985 to December 2007 (Ta
Regarding the diagnostic imaging of PVTT, abdominal ultrasonography revealed PVTT in eight cases (3, 6-11, our case 3) , whereas B-mode ultrasonography showed PVTT as a hypoechoic mass in four cases (3, 7, 9, our case 3) and as an isoechoic mass in one case (11) . Color-doppler ultrasonography showed blood flow in the tumor thrombus in three cases (10, 11, our case 3) . Contrast-enhanced CT showed PVTT as a filling defect in the portal vein in 13 cases (3, 4, (6) (7) (8) (9) (10) (11) (12) , 2 cases in 13, our cases 1 and 2) and as a low-density mass in two cases of endocrine carcinoma (8, our case 3) . Magnetic resonance imaging showed PVTT in four cases (3, 6, 8, 9) , with two cases identified as low intensity signals on a T1-weighted image, high intensity signals on a T2-weighted image, a heterogeneously enhanced mass in the early phase on a true FISP image (6) , and a homogenously enhanced mass in the portal phase on a T1-weighted enhanced image (8) . Portography showed that the tumor thrombus had occluded the portal vein in five of the cases (3, 7, (14) (15) (16) . 18 F-FDG PET showed abnormal uptake 
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